Possibly the ultimate goal of bioinformatics is to be able to predict protein tertiary structure and chemical functionality from the initial amino acid sequence. Despite the best efforts of many researchers over the past two decades, a reliable modelling method has yet to be found and the folding problem continues to be a hurdle for scientists.
One thing that we do know, however, is that proteins can be broken down into motifs and domains. Motifs are smaller units that are often functional. Domains are larger structural units within a protein.
There may be one or more domains that offer either chemical or steric functionality. Locating any one of these smaller units within an unknown sequence may indicate a function for at least part of the peptide, and can offer direction for biological experimentation. Although there are databases containing the secondary and tertiary structures of protein domains and motifs, this tutorial concerns itself only with some of the resources available for classifying protein primary structure: the amino acid sequences themselves.
Large repositories (see Table 1 ) have been built up to accommodate the information elucidated from a variety of proteins about their make-up and several are dedicated to motifs and/or domains. Many of these databases use a seed alignment of a small number of proteins displaying conservation in a particular region -typically known as a family. A consensus of this alignment is then often converted into a pattern, 1 profile 2 or hidden Markov model 3 to then exhaustively search the database for further relatives in that particular motif or domain family.
PROSITE is perhaps the most wellknown repository of motif and domain information. Patterns and profiles are collected in the database, 4 which also houses documentation on the standard pattern language used by pattern-finding software. (Not all software uses the Prosite standard. GCG, or 'The Wisconsin Package', Accelrys Inc., for example, has its own pattern language.) The pattern language is a simple series of brackets indicating the desirability -or not -of a particular residue in a specific position within a peptide motif or domain. Thus residues encased in square brackets [like this] would indicate that one of them was necessary at that position. Curly brackets {such as these} indicate that the residues within should not appear at this position. Parentheses () are used to indicate how often a particular residue should occur. It is unnecessary to place brackets around conserved residues. The pattern signature for the classic C2H2 zinc finger motif 5 (PS00028), for example, is:
which means Cys -between two and four residues of any type -Cys -three amino acids of any type -any one of either Leu, Ile, Val, Met, Phe, Tyr, Trp, Cys -eight amino acids of any typeconserved His -between three and five residues of any type -conserved His.
Although not completely conserved, the pattern indicates a range of residues that are likely to be present in the region of any protein containing a C2H2-type zinc finger motif. Zinc fingers are very common and indicate that the protein has a potential for nucleic binding. Thus the detection of a zinc finger motif within an unknown protein may give clues as to the location of the protein, which may help to identify a function.
Composed of two sections, the Pfam database 6 uses hidden Markov models from a seed alignment to establish motif or domain family identity. Flexibility to identify members of a family is created using the statistical likelihood of a particular residue being present in a specific position in the domain. Pfam B families have been automatically generated from ProDom sequences, but Pfam A families have benefited from human curation of the data, which should make it more reliable. The Pfam C2H2 zinc finger motif can be found using the accession number PF00096.
The PRINTS database 7 also holds information on the C2H2 zinc finger motif, along with data on many other motifs. This particular database creates protein motif information as a 'fingerprint' by breaking the motif up into even smaller regions known as elements (also called, confusingly, motifs). These elements are conserved within peptides containing the same protein motif. Some fingerprints are simple -and contain only one motif (or element). Composite fingerprints -the majority of those in the database -are made up of multiple motifs. The fingerprint motifs can then be aligned locally with an unknown sequence. A hit to all elements within the fingerprint is a good indication that a particular protein motif is contained within the unknown peptide. A query of this database with the search 'C2H2 zinc finger' suggests two options for a 'C2HC-type zinc-finger signature'. The first, a 'C2H2 zinc finger' corresponds to Pfam entry PF00098, defined in the database as a zinc knuckle. The second -simply called 'Zinc finger' -corresponds to the Pfam entry PF00096 C2H2 zinc finger. The reason for this discrepancy can be seen in the derivation of each of these entries. This example also serves to illustrate differences that may arise in the nomenclature used for motif families.
Using the system of fingerprints, families of proteins containing these motifs can be established. This is also true of families of proteins containing specific domains. Larger than motifs, domains do not explicitly imply function, but may indicate a similarity to other proteins for which the function is known. ProDom 8 is generated automatically from the SwissProt and TrEMBL databases to hold information on domain families. It clusters peptide sequences into families depending on their conservation of specific domain regions. Searching using the term 'C2H2 zinc finger' results in a list of individual families all containing this type of domain. However, the 15 -a repository designed to coordinate structural, and therefore functional, information on protein regions. The project was set up as a means of querying each of the separate databases in one search. The results of a search are offered in graphical format, allowing visualisation of the location of any potential domains and motifs along the unknown peptide. The C2H2-type zinc finger can queried using a text-based search. Among the results will be links to the databases mentioned above.
It is advisable to query all databases with an unknown peptide. This can be done for each individual repository, and also across many of them using the Interpro database. There are also many applications capable of searching motif and protein databases with a query sequence. Table 2 lists some of these possibilities.
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